Current research in the field of system integration focuses on platforms on which various development models are combined into one integrated model that satisfies the need of stakeholders for views that can be used to describe, communicate, and develop systems. Motivations for such an approach include multidisciplinary applications, complexity, dynamics and change, micro/macro levels of analysis, and the crossing of the natural and human worlds. Nevertheless, an underlying tool for expressing the unified totality of a system's processes and concepts is lacking. This paper proposes a new approach to creating a basic framework in this domain; without loss of generality, it focuses on the case study of an airport information system.
Introduction
Information and communication technology can improve and refine the performance of diverse processes in organizations. Integration has been a central theme of research and an ongoing challenge in many fields such as requirements and software engineering, systems engineering, and information systems. Integration aims to maximize performance and productivity (1) , facilitate exchange of resources within a system (2) , and attain coordination and monitoring capabilities. Traditionally, the term integration refers to data integration (3) , functional integration (4) , and process integration (5) . New information and communication technologies and application areas have extended such a view of integration, especially with the arrival of new forms of information handling and communication networks such as mobile devices, social media, electronic interactions (e.g., e-commerce), and virtual environments. In engineering, integration often refers to the process of assembling subsystems into a system (6) . It is used also to denote the unification of standards, processes, and models. For example, Unified Modeling Language (UML) and SysML are platforms on which various developmental models have been combined into an integrated single model. The platform seems to satisfy the need of stakeholders for views that can be used to describe and communicate and to develop a product, e.g., software (6) , but according to Egyed (6) , "These views, unfortunately, do not exist. Instead,
we are confronted with a number of loosely coupled, sometimes quite independent views." Multiple views often result in "inconsistency ... particularly if these views represent, say, different stakeholder perspectives or alternative design solutions" (7) .
In this paper, integration is viewed as an apparatus to facilitate interconnections and communication of processes within a system through a common conceptual representation. The focus is on integration of descriptions to provide a base for technical design specifications at the physical, system, and application levels. It is important in this context to develop a single blueprint for all processes in an integrated and uniform way. This blueprint needs a comprehensive description language that specifies all types of processes, e.g., physical, human, information, and engineering. It would be the description of an extended "mechatronic-like" system involving many actors and a multipart network of control and communication activities (7) .
Problem: In large-scale systems, processes are typically large in scale and great in complexity, especially with emerging networked applications such as in grids, air traffic management, and integrated supply chains.
Development of such systems is becoming more and more multidisciplinary, with many stakeholders, including client, architect, engineers, designers, contractors, and consultants, all of whom are dependent on each other for information. The impacts of failures in the design of these systems are quite costly. Difficulties in communication as well as in integration of subsystems have arisen from variations in representations of notions used by the various disciplines. A key problem in this context is lack of a unifying framework for development and management. "Lack of consideration of engineering projects as systems-of-systems has led to methodological challenges in creation of integrated tools and techniques for better analysis and management of complex projects" (8) . A great deal of current research has focused on methodological approaches to functional specifications, flow descriptions, and system structure definitions (9) such as the model-based process (10) , in which the system is specified at various levels of granularity. Nevertheless, an underlying tool for expressing the unified totality of a system's processes and concepts is lacking. Needs: Accordingly, a need has arisen for new ways to address this problem in a systematic manner, incorporating the following features: -Integration is applied through a conceptual apparatus that can be used to integrate multi-domain activities and interactions, e.g., physical, informational, technical, … -Complexity is resolved through simple, uniform notations applied across macro-and micro-levels of detail. -Common understanding is facilitated through use of one language that can be used for specification (e.g., in contracts) as well as communication Chen and Stroup (11) articulate five motivations for developing a unifying integrated framework for systems, based on the existence of multidisciplinary applications, complexity, dynamics and change, micro/macro levels of analysis, and the crossing of the natural and human worlds. Solution: This paper proposes an approach to creating a basic framework and, without loss of generality, focuses on requirements handling in information system development. The underlying thesis of the paper is that the integration of different descriptions of a system needs an underlying tool for expressing the unified totality of a system's processes and concepts, analogous to techniques in carpet weaving, where the weaver utilizes a ground fabric at the base of the design to bind, piece, and sew the patterns of fabric.
Note here that in a modeling approach such as UML and SysML, process integration is specified in terms of pieces (diagrams) woven together on a base of English, as shown in Fig. 1 . The model introduced in this paper can serve as a ground fabric for any type of application, e.g., requirements specification, software development, security binding, contract conditions, shared understanding, documentation …, as seen in Fig. 2 .
The paper proposes a conceptual representation in the form of a depiction of flows suitable for constructing holistic schemata that can be used for different applications, with the focus here on integration of several subsystems in the information system of an enterprise. The representation is essentially based on the notion of flow, guaranteeing continuity of visualized descriptions given in typical narratives at the origin of requirements specification, in the early phases of any information system development.
As background for our conceptual representation and for the purpose of a self-contained paper, the next section reviews the general features of the model to be utilized as "a ground fabric at the base of the design." The model has been used in many applications (12) (13) (14) (15) , but the explanation and example presented here are new contributions.
Flowthing model
The Flowthing Model (FM) is a map of conceptual movement, in stages (e.g., sequential events in circulation, including flow/transportation/ communication), processing (e.g., digestion), and creation of things that are called flowthings. Goods, people, ideas, data, information, money, and capital that flow among spheres (e.g., places, organizations, machines, and cultures) are flowthings. Still, such a schema as a flowsystem "is a possibility of fact -it is not the fact itself" (16) , where a certain instance is mapped to a subdiagram of the flowsystem. For example, assume that John sends an email to Mary, who replies by email (a certain instance). In Mary's sphere, the email is taken as an input transfer (4), received (5) , and processed (6). This processing (i.e., reading) triggers (dashed arrow, circle 7) the creation of a reply email (8) that is released (9) and transferred (10) to John. The reply email is taken as an input transfer (11), received (12) , and processed (13) .
FM represents a web of interrelated flows that cross boundaries of intersecting and nested spheres. A flowthing is defined as "what is created, released, transferred, arrived, accepted, and processed" while flowing within and among spheres. It has a permanent identity but a transient form, e.g., the same news translated into different languages. A flowsystem constrains the trajectory of flow of flowthings. A particular flowsystem is the space/time context for happenings (e.g., received, released) and existence of flowthings. To simplify the FM diagram, the interior of the stages of Transfer (input and output) and Receive (arrival and acceptance) are, most of the time, not shown.
A flowthing can be in one and only one of the FM stages at a time: Transfer, Receive, Process, Create, or Release, analogous to molecules of water being in one of three states in Earth's atmosphere: solid, liquid, or gas. A stage here is a "transmigration field" of the flowthing that is created, processed, released, transferred, arrives, and is received. A "natural" and irreversible flow is assumed, e.g., released flowthings flow only to Transfer. In an example not depicted in Fig. 5 , the possibility exists that the carrier DHL, because of unusual circumstance, e.g., a natural disaster, is not able to transfer released parcels abandoned in an airport; hence the company moves these released parcels "backward," against the flow, to be returned to customers.
The exclusiveness of FM stages (i.e., a flowthing cannot be in two stages simultaneously) indicates synchronized change of the flowthing, e.g., a flowthing cannot be changed in form and sphere simultaneously. This is a basic systematic property of flowthings. Note the generality of the notion of flow in FM. For example, creation of a flowthing is a flow (from nonexistence, i.e., not currently existing in the system, to existence, i.e., first appearance in the system).
Initialization, stopping, and continuing of flows occur through triggering, a control mechanism. In FM description, it is the only linkage among elements besides flow and is indicated by dashed arrows. Synchronizations (e.g., join/fork) and logic notions (e.g., and/or) can be superimposed over the basic FM depiction. Note that these mechanisms can be modeled as flowthings. FM, as in the case of UML and SysML, can be used as a sketching, blueprinting, and programming tool (17) for model description as well as specification and design.
Example that illustrates FM
In the context of studying eGovernment in the European Union, Tobias et al. (18) had the following goal:
interoperability of processes, services, and documents that are exchanged between organizations in the EU. They provide an approach for "deriving documents and services from current eCustoms procedures" to be embedded in a service-oriented architecture for collaborative eGovernment. Using certain component technical specifications (the name of the particular specification language is irrelevant in the context of this example), Tobias et al. (18) 
developed a conceptual framework for modeling document components in a syntax-neutral, technology-independent manner.
Regarding eCustoms procedures, … crucial EU control procedures are still paper based... Hence, new customs control procedures are required which can be supported much more effectively and efficiently by the use of IT. However, designing and implementing changes in customs control procedures has to take into account technological, financial and political issues…that can only be dissolved by process integration... Tobias et al. (18) (italics added, citations omitted)
We concentrate on an overall description of one application of Tobias et al.'s (18) approach, the so-called excise movement and control system (EMCS), a system that supports monitoring the movements of goods (e.g., alcohol, tobacco, and energy products) between EU member states. Specifically, the focus is on the first UML diagram used to describe this system, shown partially in Fig. 6 .
In [the] example, the consignor is a beer brewery in the Netherlands, which submits a draft e-AAD to the Dutch Tax and Customs Authority (DTA). Acceptance or validation of the e-AAD is conducted by DTA as the customs office of dispatch by automatically checking the declaration data … (18) .
The point of examining this part of the example is not to give a complete description of Tobias et al.'s (18) diagram; rather, it is to contrast the diagramming methodology used with the corresponding FM diagramming method, as shown in Fig. 7 . Transfer Release Fig. 8 shows four spheres in the system, indicated by circles 1 through 4, and their flowsystems. These spheres are flipped horizontally in comparison with Tobias et al.'s (18) figure for the purpose of eliminating intersecting lines. Accordingly, the flow starts at circle 5 in the figure when the << Consignor>> Beer Brewery creates an e-AAD that flows to the <<Customs Office of Dispatch>> in the Dutch Tax Administration (circle 6), where it is validated (7). This triggers (8) the creation (9) of an e-AAD with ARC that flows to the Consignor (10) and also to the <<Customs Office of Destination>> HMRC, UK (11) , where it is received (12) . Also, the <<Customs Office of Destination>> creates (13) a report that flows to HMRC, UK (14) where it is validated (15) (Note: The connection between this thread that starts at Create (13) and the previously described threads is not clear from Tobias et al.'s (18) description, but we will ignore that). This triggers (16) the creation of an acknowledgement (17) that flows to Consignee (18) . Contrasting the two diagrams (Figs. 6 and 7), we observe that the generic FM stages categorize all activities, but the UML activities in Fig. 6 , e.g., send, receive, evaluate, notify, … seem, in principle, to embrace all English verbs. Thus, the activity diagram can show unlimited "types" of vertices selected from English verbs by the designer. This gives an imprecise connotation of a mixture of different meanings for different implementations of the same system. It would be like defining a graph in graph theory where the definition allows the definer to select an infinite number of node types according to personal preference. In FM there are only five types of nodes -process, create, release, transfer, and receive -and these are repeatedly used in different spheres. This simplification produces a uniform specification method for diagramming and is thus suitable for systematic modeling.
Additionally, the edges in Tobias et al.'s (18) figure are conceptually disturbing. Examine Fig. 8 , which is part of Fig. 6 . Line A seems to be an e-AAD data flow, but it is also a control flow. B seems to be a Report data flow. C is definitely a control flow. D seems to be a Report data flow, but it is also a control flow. The semantics of connectivity in this diagram seem imprecise.
By contrast, in the FM representation, different flows have their distinct streams such that the flows do not mix together, in analogy to a building blueprint where the flows of water, gas, and electricity are not combined.
Case study: Applying FM to an Airport
This paper reports the results of applying FM as an integration tool to a currently existing personnel information system at Kuwait International Airport, the main airport in Kuwait. Air traffic already reflects the increased economic vitality of the airport. It handled almost 8.5 million passengers in 2011 and now hosts more than 45 different regional and international carriers serving more than 80 destinations. Airfreight is also consolidated, with more than 195,000 tons passing through its cargo facilities annually. The existing terminal features three levels plus a basement, covering a total of 40,000 m 2 . There are 10 contact aircraft stands, 40 remote stands, and additional parking spaces for cargo and VIP aircrafts. The current information system has been developed piece-wise from subsystems over the last ten years and includes a system for issuing employee identification cards, a biometric time attendance system, an access permission system, a vacation system, and an employee ticketing system. This paper utilizes FM to draw a base on which to integrate all these system in preparation for redesigning and developing them into a single system. Because of space limitation, the paper shows the plan to integrate only two systems.
System for issuing identification cards
FM is used to describe the whole process of issuing identification cards. This usage is similar to a civil engineer who looks down on the world while airborne to visualize the natural environment in order to create maps. The resultant geospatial information reveals new insights into the to-be-developed project. Accordingly, Fig. 9 shows the FM representation of such a process built on examination of a real environment and its current information system. An employee (circle 1) applies for an identification card by downloading (2) an application form (3) from the airport's information technology web site (4). He/she fills out the form (5) and sends it (6) to his/her department secretary. The secretary of the department processes, e.g., registers (7) the application form and sends (8) it to the secretary of the Permissions Department, who processes (9) it and transfers it (10) to the issuer in the department. The issuer processes it (11) and adds it to the next scheduled permission meeting (12) . There it is approved (13) or rejected (14) . Approval triggers (14) the creation of the card (15) , which flows (16) all the way back to the employee. If the application is rejected, the application is marked as such, thus triggering (17) the generation (18) of a disapproved application that flows (19) all the way back to the employee.
Vacation System
The second system, used by employees to request vacations, is shown in Fig. 10 . The employee applies for a vacation in a similar fashion to applying for permission, as discussed for Fig. 9 .
Space limitation prevents discussion of Fig. 10 in detail, but it follows the same basic format and principles as Fig.  10 . It is not difficult to note the overlap between Figures 9 and 10, implying they could be integrated in a systematic way. The problem now is to find the union of the two graphs. For example, the employee sphere could incorporate two subspheres, one for permissions and the other for vacations. an integrated depiction of any system upon which other stages of development can be based. FM methodology is currently also being utilized to describe physical airport systems such as aircraft landing and departure systems.
Conclusion

